During the past 5 years, frog legs have had the highest violative rates for Salmonella contamination of all types of foods intended for human consumption that come under the jurisdiction of the Food and Drug Administration (FDA). Although a small percentage of frog legs at the retail market level are from domestic sources, imports from such countries as India, Japan, Mexico, Indonesia, Bangladesh, and Pakistan constitute the major supply for the United States. These frogs are obtained primarily in the wild from such areas as rice paddies, jungles, swamps, and similar areas of potential contamination by pathogenic bacteria and parasites.
Frog legs generally enter the kitchen as a frozen raw product which will be cooked before being consumed. Generally this terminal cooking kills any Salmonella organisms that might be present, and the consumption of such frog legs would not subject the consumer to a possible case of salmonellosis, provided the legs had not been undercooked or had not been recontaminated. However, if Salmonella bacteria were on the surfaces of this raw product, food contact surfaces could become contaminated and in turn could contaminate foods not receiving further heat treatment before consumption. Since the major problem is one of cross-contamination from the surfaces of the raw product, a testing procedure that involves rinsing the legs has been developed and is being used both by FDA and in the laboratories of other countries that export frog legs to the United States under a source certification agreement. Under this agreement, the exporting country agrees to assay and certify as Salmonella negative each lot of frozen frog legs produced in that country and offered for entry into the United States.
Normally, when foods are examined for the presence of Salmonella, the first step involves blending or submersion, and the question was raised as to whether either of these methods could be substituted for the rinse method when analyzing frog legs. Stomaching (11) has recently been proposed as a substitute for blending and is being used in many laboratories. Accordingly, the primary purpose of this study was to determine whether the blending, submersion, and stomaching methods could be used interchangeably with the rinse method for the detection of Salmonella in frog legs.
In addition to determining whether the four methods of sample preparation would give similar recoveries of Salmonella, the relative performance of cultural media for the isolation of Salmonella from frog legs was investigated. In examining foods for Salmonella, FDA Twelve pairs of frog legs from each lot were placed in sterile plastic or paper bags and shipped frozen in dry ice to the receiving laboratory in Washington, D.C. Upon receipt, the frog legs were transferred to the freezer until ready for use. Just before examination, the frozen frog legs were allowed to thaw completely at room temperature. The 12 pairs of frog legs were aseptically severed in the saddle (midpelvic) region with large scissors or shears to yield 24 individual legs per lot. Six randomly chosen individual legs from each lot were prepared by one of four procedures (submersion, blending, stomaching, and rinsing). Each of the four methods was used to examine 372 frog legs for the presence of Salmonella, with a total of 1,488 frog legs being used in the entire evaluation.
Blending. A 25-g portion, consisting of muscle, tendon, and bone, was removed from an individual leg and placed in 225 ml of lactose broth. The sample was blended for 90 s at high speed (approximately 14,000 rpm) in a Waring blender jar and the mixture was poured into a sterile flask for subsequent incubation.
Submersion. The entire, whole frog leg was placed in a sterile 500-ml Erlenmeyer flask containing 225 ml of lactose broth for subsequent incubation.
Stomaching. A 25-g portion, consisting exclusively of muscle and tendon, was taken from an individual leg and placed in a sterile polyethylene bag (18 by 30 cm) especially adapted for use with the Stomacher 400 (A. J. Seward and Co., Ltd., London, England). Bone and other sharp protruding objects were excluded from the sample because they would likely puncture the plastic bag during the stomaching process. The sample was stomached for 30 s with 225 ml of lactose broth, and then the legs and broth were transferred to a sterile flask for incubation.
Rinsing. An individual whole frog leg was placed in a 500-ml Erlenmeyer flask containing 225 ml of lactose broth. The flask was secured on the platform of a rotary shaker (New Brunswick Scientific Co., New Brunswick, N.J.). The flask was shaken at 250 to 300 rpm for 15 min at room temperature, and the rinsings were decanted into a sterile flask for subsequent incubation.
Salmonella determination. The cultural procedure of the Bacteriological Analytical Manual for Foods (5) was used in the examination of the frog legs for Salmonella. The contents of the flasks from all four methods of sample preparation were adjusted to pH 6.8 + 0.2 and incubated at 35°C for 24 + 2 h. After incubation, 1-ml aliquots of the lactose broth pre-enrichments were transferred to tubes containing 10 ml of SC or TT broth tempered at 35°C, the tubes were incubated at 35°C for 24 -+-2 h, and the contents were then streaked to plates of BG, BS, SS, XLD, and HE agars. After incubation at 35°C for 24 -+-2 h, the agar plates were examined for Salmonella colonies. Although examined at 24 h, the BS agar plates were incubated and re-examined after an additional 24-h incubation period. Colonies appearing to be Salmonella on these selective agars were picked in tandem to triple sugar iron and lysine iron agars. Cultures giving reactions typical for Salmonella in these differential agars were biochemically and seriologically identified by the methods of Edwards and Ewing (4). Those serotypes heretofore not isolated by this laboratory were sent to the Enteric Bacteriology Laboratory, National Center for Disease Control, Atlanta, Ga., for confirmation.
RESULTS AND DISCUSSION
In descending order, the greatest number of Salmonella-positive frog legs was given by the submersion, blending, stomaching, and rinse methods (Table 1) . Statistical analysis revealed no significant difference (P > 0.10) among the first three methods, whereas the rinse method gave significantly fewer Salmonella-positive legs (P < 0.01) than each of the other three methods of sample preparation.
That Salmonella can localize within tissues or organs of an animal's body has been the subject of a number of papers. Ang et al. (1) were able to isolate Salmonella primarily from liver and intestinal contents of live frogs. Similarly, Sharma et al. (10) were able to isolate Salmonella (14%) and Edwardsiella tarda (9%) During the processing (slaughtering, dressing, and washing) of frog legs, Salmonella organisms within the gut and various internal organs of the frog are probably translocated to pits, pores, and other foci on the frog leg surface. Because rinsing is not as vigorous as the blending and stomaching methods of sample preparation, it was apparently unable to remove Salmonella organisms from these "pockets" in certain instances. One explanation why more Salmonella-positive samples were detected by submersion than by rinsing, both relatively nonvigorous, is the motility of this pathogen. Salmonella bacteria within these various foci are able to swim to the surface, where they are rendered detectable. Table 2 reports the relative incidence of Salmonella in frog legs by country of origin. None of the 192 Japanese frog legs examined contained Salmonella. Moreover, during examination of plates of selective agars streaked from the selective enrichments of the Japanese frog legs, it was not unusual for no colonial growth whatsoever to appear. Whether these frog legs had been chlorinated or surface-pasteurized, or both, could not be determined. In gross appearance, however, they did not differ from those legs imported from other countries.
India has been and continues to be the single largest exporter of frozen frog legs to this country by far. As recently as 5 years ago, the violative rate of Indian frog legs due to Salmonella contamination was in excess of 60% (personal communication, FDA, New York District, 1973). The 9% incidence of Salmonella in Indian frog legs in this study would indicate that more stringent processing procedures, as well as closer bacteriological quality control checks on the finished product to be exported, have subsequently been implemented by the Indian government. Table 3 compares the relative productivity of two selective enrichment broths and five selective plating media for the recovery of Salmonella. In addition to the three plating media (BG, BS, and SS) recommended by the Bacteriological Analytical Manual for Foods (5), XLD and HE agars were incorporated into the protocol, since the latter two agars have been used for the isolation of Salmonella from foods and clinical specimens. Of a total of 148 Salmonellapositive frog legs, 107 were positive in both SC and TT broth. Eighteen frog legs were positive only by selective enrichment in SC broth and 23 were positive only in TT broth; this difference was not significant (P > 0.25). The most productive combination of enrichment broth and plating medium was TT broth followed by streaking on BS agar, where 114 (77%) of the 148 Salmonella-positive frog legs were detected. Of the five selective agars, SS agar, streaked from both enrichments, gave the lowest number of Salmonella-positive frog legs. In addition to the lower productivity of the SS agar, the indicator system is such that all colonies without pigmentation should be picked to triple sugar iron and lysine iron agars for fur- ther screening. In this study the vast majority of those nonpigmented colonies on SS agar proved to be non-Salmonella organisms. Had the XLD and HE agars not been utilized in this study, 11 and 6 Salmonella-positive frog legs, respectively, would have gone undetected.
A wide variety of serotypes, representative of several somatic groups, was isolated from frog legs ( Table 4 ). The majority of these serotypes have not been commonly isolated from foods by the FDA with the exception of Salmonella serotypes newport, bareilly, arizonae, thompson, javiana, bredeney, and oranienburg. Eight Salmonella serotypes (tel-hashomer, weston, augustenborg, bournemouth, mgulani, bang- 1968-1974 (2) . One serotype possessed the antigenic formula 6,14,24:r,i:e,n,z,5, which has heretofore been unreported.
